laboratory routine, (iii) 14 hours' ordinary laboratory routine plus 5 hours' work-13,500 kgm. per hr.-on Schuster's [1921] modification of Martin's bicycle ergometer. For brevity these periods will be called "rest routine," "ordinary routine," and "ergometer routine" respectively. During the "ergometer routine" the subject may be considered to have carried out half-a-day's work of a labourer.
The subject, 28 years of age, 161-2 cm. in height, and 52X4 kgm. in weight, was a skilled laboratory assistant, and accustomed to this type of research. During six months of observation his total nitrogen excretion averaged 9 g. His usual diet was taken, but was controlled mainly to exclude articles which are known to influence greatly the composition of the urine. The average daily diet for each of the 5-day periods was similar in substance. Breakfast was taken about 7.30 a.m., dinner at 1 p.m., light tea at 4 p.m., and supper at 7.30 p.m.
Well-known standard methods were used for the analyses and the average results are given in the appended table.
Composition of average day and night urines under "rest routine," "ordinary routine" and "ergometer routine."
The urine was collected in two samples, day urine between 7 a.m. -5 p.m Nitrogen partition. The main difference between the nitrogen partition for the day and for the night under all routines was the greater excretion-both relative and absolute-of ammonia. Other slight differences for all routines were noted; creatinine was excreted in greater amount during the day than at night; urea, uric acid and amino-acidswere excreted in greater amount-usuallyabsolutely and relatively-during the day, than at night. The undetermined nitrogen was excreted in much greater amount at night than during the day under the "rest routine"; under the "ordinary routine" and the "ergometer routine " it was more or less equally distributed, so that it was increased during the day by activity. Osterberg and Wolf [1907] found that it was increased during work. They also found that the ammonia was higher during sleep, and that uric acid was increased during the day. Leathes [1907] previously pointed out that uric acid excretion is most active in the early working hours and very much less at night. Our results, as already shown, support this statement. We also found that under all routines the urea was, relatively and absolutely, excreted in greater amount during the day.
SSulphur excretion. Total sulphur, total sulphates, and inorganic sulphates were excreted in larger quantity per hour per g. nitrogen at night than during the day, because whilst the total nitrogen was decreased at night, the sulphur and sulphates were evenly distributed between the day and night under all routines. This appears to differ from the general idea recorded by Lusk [1917, p. 169 ] that excretion of sulphur precedes the excretion of nitrogen when a protein containing known quantities of these elements is ingested; but the conditions of our experiments were not quite identical.
The excretion of inorganic sulphate in relatively greater amount at night under all routines indicates probably a special excretion of fixed acid.
For the whole 24 hours, inorganic -sulphate was increased whilst ethereal sulphate was decreased by activity.
Phosphate excretion. Phosphates were excreted, under all routines, in greater quantity during the night.
Acidity. Lactic acid was present in traces both during the day and at night under all routines. The acidity per cent. [Leathes, 1919] and titratable acidity were distinctly higher during the night than during the day under all routines, the difference being most marked during the "rest routine," so that activity out-of-bed hastened the excretion of acid.
Purine bodies were excreted in greater amount at night. Calcium and Magnesium. Calcium was excreted in greater quantity during the day than during the night, whereas magnesium was evenly distributed. Calcium and magnesium obviously followed different courses.
DISCUSSION.
Phosphate tide. Broadhurst and Leathes [1920] and others have shown that there is a phosphate tide, the phosphate being excreted in larger amount during the evening than during the day. Leathes and Broadhurst have endeavoured to discover what is the cause of this tide, and consider that it is independent of the food and not wholly dependent on the acidity. They suggest that it may be due to some special tissue metabolism-nerve or muscle.
It is well known that the curve of phosphate excretion runs more or less parallel to the nitrogen curve but behind it; according to Cathcart [1921] the phosphate or the greater part of it is associated with special nucleoprotein of the food and tissues and may undergo a special form of catabolism. We have obtained some support to this opinion since we found that the purine bodies were excreted in greater amount at night than during the day; at the same time it should be mentioned that we found the uric acid to be excreted in greater amount during the day. We estimated the calcium and magnesium during the " ordinary routine " and " ergometer routine " with the idea that phosphate might show close connection with these substances. However, this was not found to be the case. We could find no connection with muscle or nerve activity in particular, as suggested by Leathes and Broadhurst, since the tide was best marked during the "rest routine."
We observed a close relationship between acidity, ammonia and phosphate excretion. Why is there an increase of acidity at night? It is not sufficient to state that the kidney is more active at night because respiration is depressed. The depression of respiration is no greater than the depression of activity, and the C02 excretion by the lungs possibly accounts for the contraction of heart and respiratory muscle which are working at a minimum. Again it will be remembered that the inorganic sulphate was excreted in relatively greater amount at night, indicating some special excretion of acid. It is reasonable to connect this with sleep. One of the well-known theories regarding sleep recorded by Howell [1911] offers an explanation. In this theory sleep is said to be due to accumulation of acid products in cells, these acids being excreted more slowly than they are formed during the day, and thus collecting in the cells with a resulting diminution of activity of the cells, particularly of the brain cortex. We suggest that the cells of the body may not excrete certain fixed acids into the blood until certain amounts are formed in each cell. When this is the case these acids are excreted into the blood and fatigue or sleep is produced. There is presumably a threshold value for excretion, by the cells, of these acids.
Alkaline tide. The so-called alkaline tide is considered here because some text-books state that the urine is more acid at night as there are alkaline tides during the day. We have made numerous observations on our subject during the past six months and find that without exception the urine was more acid just after a meal-probably due to removal of alkaline phosphate in salivaand less acid about two or three hours after a meal-probably due to removal of HCI in gastric secretion-becoming, in some cases, actually alkaline as estimated by PH. We find that the alkaline tide was often well marked after the mid-day meal, in more than half the cases being better marked than the tide following breakfast. This is contrary to Leathes' [1919] statement that so-called alkaline tides do not exist except in the morning, and that they are not connected with digestion.
We do not consider that in our experiments the presence of alkaline tide
